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DJHQW LQPHWDOOXUJLFDO SURFHVVHV 6RKL /RSH]FDSHO	.UXOO  7KHUPRFKHPLFDO SURFHVVHV LQFOXGH L VORZ
S\URO\VLV FRQYHQWLRQDO FDUERQL]DWLRQ LL IDVW S\URO\VLV LLL IODVK FDUERQL]DWLRQ DQG LY JDVLILFDWLRQ 6ORZ
S\URO\VLVKDVWKHDGYDQWDJHWKDWFDQUHWDLQXSWRRIWKHIHHGVWRFN&LQVWDEOHELRFKDU6WHLQEHLVV*OHL[QHU	
$QWRQLHWWL  ZKLFK PDNHV LW VXLWDEOH DV VRLO IHUWLOL]HU 3\URO\VLV SURFHVV DQG LWV SDUDPHWHUV VXFK DV ILQDO
WHPSHUDWXUHKHDWLQJ UDWHSUHVVXUH DQG UHVLGHQFH WLPHJUHDWO\FRQGLWLRQ WKHTXDOLW\RIELRFKDU+LJKWHPSHUDWXUH
S\URO\VLV!&SURGXFHVELRFKDUZLWKKLJKDURPDWLFFRQWHQWDQGWKHUHIRUHUHFDOFLWUDQWWRGHFRPSRVLWLRQ%ODVL
'L %UDQFD /RPEDUGL &LDSSD *LDFRPR	 'L &KLPLFD /RZWHPSHUDWXUH SURFHVVHV %LRFKDU IURP ORZ
WHPSHUDWXUHS\URO\VLVW\SLFDOO\KDYHSURGXFHELRFKDUZLWKDOHVVFRQGHQVHG&VWUXFWXUHDQGDUHH[SHFWHGWR
KDYHDEHWWHUFRQWULEXWLRQWRVRLOIHUWLOLW\7KHQDWXUHRIWKHELRPDVVIHHGVWRFNDOVRLQIOXHQFHVWKHSURSHUWLHVRIWKH
SURGXFHG ELRFKDU7KH UHODWLRQVKLS EHWZHHQELRFKDU SURSHUWLHV DQG LWV SRWHQWLDO WR HQKDQFH DJULFXOWXUDO VRLOV LV D
QDVFHQWIRFXVDUHDDQGWKHDSSURSULDWHS\URO\VLVFRQGLWLRQVDUHVWLOOXQFOHDU/HKPDQQ$QXPEHURIUHFHQW
VWXGLHV IRFXVHG RQ FKDUDFWHUL]DWLRQPHWKRGRORJLHV RI ELRFKDU RWKHU VWXGLHV LQYHVWLJDWHG WKH LQWULQVLF SRWHQWLDO RI
ELRFKDUDVVRLODPHQGPHQWVEXWIXUWKHUHIIRUWVDUHQHHGHGWRSHUIRUPVRLOWHVWVLQRUGHUWRHVWDEOLVKDQDSSURSULDWH
IRUPXODWLRQ RI GHVLUHG ELRFKDU SURSHUWLHV2QH RI WKH FKDUDFWHULVWLFV RI ELRFKDU WKDWPDNHV LW DWWUDFWLYH DV D VRLO
DPHQGPHQWLVLWVSRURXVVWUXFWXUHZKLFKLVUHVSRQVLEOHIRULPSURYHGZDWHUUHWHQWLRQDQGLQFUHDVHGVRLOVXUIDFHDUHD
*DXQW	/HKPDQQ0RUHRYHU WKHDGGLWLRQRIELRFKDU WR VRLOKDVEHHQDVVRFLDWHGZLWKDQ LQFUHDVHRI WKH
QXWULHQW XVH HIILFLHQF\ HLWKHU WKURXJK QXWULHQWV FRQWDLQHG LQ ELRFKDU RU WKURXJK SK\VLFRFKHPLFDO SURFHVVHV WKDW
DOORZDEHWWHUXWLOL]DWLRQRIVRLOLQKHUHQWRUIHUWLOL]HUGHULYHGQXWULHQWV/HKPDQQ$SSOLFDWLRQRIELRFKDULQ
VRLO LQFUHDVHV LWVSK\VLFDODQGFKHPLFDOTXDOLWLHVUHVXOWLQJLQJUHDWHUSURGXFWLYLW\RI WKHDJURHFRV\VWHP%LRFKDU
GXH WR LWV ELRORJLFDO DQG FKHPLFDO VWDELOLW\ FDQ DOVR DFW DV & VLQN 7KH UHFDOFLWUDQFH RI ELRFKDU WR PLFURELDO
GHJUDGDWLRQHQDEOHVWKHORQJWHUPVHTXHVWUDWLRQRI&LQVRLO%UHZHU6FKPLGW5RKW6DWULR	%URZQ
0DWHULDOVDQGPHWKRGV
2.1. Biomass for olive and hazelnut’s pruning 
,Q WKH DUHD RI 9LWHUER SUXQLQJ UHVLGXHV IURP ROLYH DQG KD]HOQXW DUH UDUHO\ XWLOL]HG DV D VRXUFH RI HQHUJ\ LQ
EXUQLQJVWRYHVRUERLOHUV WKH\DUH LQVWHDGEXUQHGLQVLWX WKHUHIRUHUHGXFLQJWKHIRUPDWLRQRIVRLORUJDQLFFDUERQ
'XULQJVXPPHUEHVLGHVSUXQLQJUHVLGXHVVXFNHUVDUHUHPRYHGEHIRUHWKHKDUYHVWUHSUHVHQWLQJDQRWKHUVLJQLILFDQW
ORVV RI ELRPDVV 5HFHQW VWXGLHV %RXEDNHU 'H )UDQFKL &RODQWRQL 0RQDUFD &HFFKLQL /RQJR $OOHJULQL 'L
*LDFLQWR %LRQGL 	 0HQJKLQL  6SHUDQ]D %XFLQL 	 3DSDUDWWLKDYH LQYHVWLJDWHG WKH SRVVLELOLW\ RI
HQKDQFLQJROLYHDQGKD]HOQXW UHVLGXHVZDVWHPDQDJHPHQWDPHDQ WRSURGXFHVRLO IHUWLOL]HUVDQGHQHUJ\ WKHUHIRUH
UHGXFLQJ WKH HQYLURQPHQWDO LPSDFW RI VXFK UHVLGXDO RUJDQLF ZDVWH %LRPDVV IURP SUXQLQJ FURS RSHUDWLRQV














2.2. Pyrolysis process 
3\URO\VLVLVFDUULHGRXWXQGHUFRPSOHWHRUSDUWLDOH[FOXVLRQRIR[\JHQDQGUHOLHVRQFDSWXULQJWKHRIIJDVHVIURP
WKHUPDO GHFRPSRVLWLRQRI WKH RUJDQLFPDWHULDOV 0RQHWL'HOIDQWL0DUXFFL%HGLQL*DPEHOOD 3URWR	*DOOXFFL
7KH ELRFKDU¶V SK\VLFDO DQG FKHPLFDO FKDUDFWHULVWLFV DUH GHWHUPLQHG E\ IHHGVWRFN W\SH DQG S\URO\VLV
WHPSHUDWXUH)RUH[DPSOHKLJKHUVDOWDQGDVKFRQWHQWVDUHH[SHFWHGLQZKHDWVWUDZWKDQLQZRRGGHULYHGELRFKDU
DQG& FRQWHQW DQG1 FRQWHQW DUH JUHDWHU LQ SLQH FKLSV WKDQ LQ SRXOWU\ OLWWHUGHULYHG ELRFKDU$ KLJKHU S\URO\VLV
WHPSHUDWXUHUHVXOWVLQORZHUELRFKDUUHFRYHU\JUHDWHUVXUIDFHDUHDHOHYDWHGS+KLJKHUDVKFRQWHQWPLQLPDO WRWDO
VXUIDFHFKDUJH/HKPDQQ6iQFKH]/LQGDR0DUJDOHII0DUWtQH]	0RUiQDQGORZHUFDWLRQH[FKDQJH
FDSDFLW\ (PHU *ULJRODWR /XEHOOR 	 &DYDOOL  5HPRYDO RI YRODWLOH FRPSRXQGV DW KLJKHU S\URO\VLV
WHPSHUDWXUHV DOVR FDXVH ELRFKDU WR KDYH KLJKHU & FRQWHQW DQG ORZHU K\GURJHQ + DQG 2 FRQWHQW 0RQDUFD
&HFFKLQL&RODQWRQL	0DUXFFL%RXEDNHU'H)UDQFKL&RODQWRQL0RQDUFD&HFFKLQL/RQJR$OOHJULQL'L
*LDFLQWR%LRQGL	0HQJKLQL 3\URO\VLV RI DJURIRUHVWU\ UHVLGXHV LV W\SLFDOO\ FDUULHG RXWZLWK WHPSHUDWXUHV
EHWZHHQ  DQG  &:LWK WKHVH FRQGLWLRQV WKH IHHGVWRFN LV FRQYHUWHG WR OLTXLG SURGXFWV VRFDOOHG WDU RU
S\URO\VLV RLO DQGRU JDV V\QJDV ZKLFK FDQ EH XVHG DV IXHOV RU UDZ PDWHULDOV IRU VXEVHTXHQW FKHPLFDO










3.1. From biomass to biochar: conversion rates analyses 
$XWRWKHUPLFFRQYHUVLRQRIELRPDVVZDVFDUULHGRXWXQGHUQDWXUDOYHQWLODWLRQ4XDQWLWDWLYHDQDO\VHVRIS\URO\VLV






















)XUWKHUDQDO\VHVZHUHFDUULHGRXW WR LQYHVWLJDWH WKHFDORULILFSRZHURI WKH WZRELRFKDUSURGXFHG7KHFDORULILF
YDOXHV FDOFXODWHG LQ WKLV ZRUN ZHUH FRPSDUHG ZLWK WKRVH SURYLGHG E\ WKH SURGXFHUV LQ RUGHU WR PDNH HQHUJ\
FRQVLGHUDWLRQVRQWKHSURFHVV3URWR=LPEDODWWL$EHQDYROL%HUQDUGL	%HQDOLD7KHUHVXOWVREWDLQHGLQWKLV
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7DEOH$QDO\VLVRIWKHFDORULILFSRZHURIS\URO\VLVUHDFWLRQIRUWKHWZRELRFKDUSURGXFHGLQWKLVVWXG\
2OLYHZRRG 8QLWV 3HOOHW %LRFKDU
+LJKHUFDORULILFYDOXH 0-NJ  
/RZHUFDORULILFYDOXH 0-NJ  
&DORULILFYDOXHIURPS\URO\VLV 0-NJ 
3HUFHQWDJHRIFDORULILFYDOXHIURPS\URO\VLV  
+D]HOQXWZRRG 8QLWV 3HOOHW %LRFKDU
+LJKHUFDORULILFYDOXH 0-NJ  
/RZHUFDORULILFYDOXH 0-NJ  
&DORULILFYDOXHIURPS\URO\VLV 0-NJ 
3HUFHQWDJHRIFDORULILFYDOXHIURPS\URO\VLV  
3.2. Elemental analysis 
%LRFKDUVSURGXFHGE\%OXFRPE/WGZHUHDQDO\]HGE\(XURILQVODERUDWRULHVDFFUHGLWHGIRUWKHFHUWLILFDWLRQRIWKH
(XURSHDQ%LRFKDU&HUWLILFDWH(%&7KH(%&KDVEHHQGHYHORSHGE\LQWHUQDWLRQDOELRFKDUVFLHQWLVWVWREHFRPHWKH















+K\GURJHQ ZZ    
&&DUERQWRWDO ZZ   ! !
1QLWURJHQWRWDO ZZ    
2R[\JHQ ZZ    
&DUERQDWHDV&2 ZZ    
&DUERQDWHRUJDQLF     
+&UDWLRPRODU     
2&UDWHPRODU     
6XOIXUWRWDO ZZ    
7DEOH'HWHUPLQDWLRQIURPPLFURZDYHGLJHVWLRQPHWKRG',1





3SKRVSKRXUV PJNJ ,62    
0JPDJQHVOXP PJNJ ,62    
&DFDOFLXP PJNJ ,62    
.SRWDVVLXP PJNJ ,62    
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1DVRGLXP PJNJ ,62    
)HLURQ PJNJ ,62    
6LVLOLFRQ PJNJ ,62    
6VXOIXU PJNJ ,62    
3EOHDG PJNJ ,62    
&GFDGPLXP PJNJ ,62    
&XFRSSHU PJNJ ,62    
1LQLNHO PJNJ ,62    
+JPHUFXU\ PJNJ ',1(1    
=Q=LQF PJNJ ,62    
&UFKURPLXPWRWDO PJNJ ,62    
%ERURQ PJNJ ,62    
0QPDQJDQHVH PJNJ ,62    
7DEOH3$+VGHWHUPLQDWLRQIURPWROXHQHH[WUDFW*: TXDOLW\OHYHOEDVLFUHODWHGGU\EDVHV*: TXDOLW\OHYHOSUHPLXPUHODWHGGU\
EDVHV




1DSKWDOHQH PJNJ ',1(1    
$FHQDSKWK\OHQH PJNJ ',1(1    
$FHQDSKWKHQH PJNJ ',1(1    
)OXRUHQH PJNJ ',1(1    
3KHQDQWKUHQH PJNJ ',1(1    
$QWKUDFHQH PJNJ ',1(1    
)OXRUDQWKHQH PJNJ ',1(1    
3\UHQH PJNJ ',1(1    
%HQ]DDQWKUDFHQH PJNJ ',1(1    
&KU\VHQH PJNJ ',1(1    
%HQ]REIOXRUDQWKHQH PJNJ ',1(1    
%HQ]RNIOXRUDQWKHQH PJNJ ',1(1    
%HQ]RDS\UHQH PJNJ ',1(1    
,QGHQRFGS\UHQH PJNJ ',1(1    
'LEHQ]DKDQWKUDFHQH PJNJ ',1(1    
%HQ]RJKLSHU\OHQH PJNJ ',1(1    
6803$+V(3$ PJNJ FDOFXODWHG    
7DEOHS+HOHFWULFDOFRQGXFWLYLW\(&DQGGHQVLW\GHWHUPLQDWLRQ
(OHPHQWV 8QLWV +D]HOQXWELRFKDU 2OLYHELRFKDU
S+YDOXHV&DFO   
(OHFWULFDOFRQGXFLYLW\ 6FP  
6DOWFRQWHQW JNJ  
6DOWFRQWHQWFDOZLWKEXONGHQVLW\ JO  
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7KHUHVXOWVRIHOHPHQWDODQDO\VHVRI WKH WZRELRFKDUDQDO\]HG LQ WKLVVWXG\DQGUHSRUWHG LQ WDEOHVKRZHGWKH
ERWKELRFKDUDUHFKDUDFWHUL]HGE\YDOXHVZHOOEHORZWKHOLPLWVHVWDEOLVKHGE\WKH(%&LQSDUWLFXODUWKHROLYHDQG
KD]HOQXW ELRFKDU KDYH KLJK YDOXHV RI & DQG ORZ+& DQG2& UDWLRV /RZ OHYHO RI +& UDWLR LQGLFDWHV WKDW WKH
SURGXFHGELRFKDUDUHDOVRUHFDOFLWUDQW WRPLFURELDOGHJUDGDWLRQ7KHVHUHVXOWV LQGLFDWH WKDWRXUSURGXFWLRQSURFHVV
\LHOGKLJKTXDOLW\ELRFKDUZLWKDOHYHORIFDUERQL]DWLRQWKDWPDNHVLWVXLWDEOHIRU&VHTXHVWUDWLRQDVFRQILUPHGE\
WKH+&UDWLRV7KHVHW\SHVRIELRFKDUKDYHDORZHUWRWDOFDUERQ7&FRQWHQWDQGFRKHVLRQWKDQWKRVHREWDLQHGIURP
ZRRGSUXQLQJ ELRPDVV WDEOH  7KH ORZ & FRQWHQW WRJHWKHU ZLWK HOHYDWHG FRQFHQWUDWLRQV RI QXWULHQWV PDNHV
ELRFKDU IURP KHUEDFHRXVPDWHULDOPRUH UHDGLO\ ELRGHJUDGHG E\PLFURRUJDQLVPV &RODQWRQL$OOHJULQL %RXEDNHU









OLPLWV 2QO\ &X LQ WKH KD]HOQXW ELRFKDU ZDV FORVH WR WKH PD[LPXP YDOXH HVWDEOLVKHG E\ WKH (%&3$+V DUH
XELTXLWRXVLQWKHHQYLURQPHQWEHLQJE\SURGXFWVRIWKHLQFRPSOHWHFRPEXVWLRQRIRUJDQLFPDWHULDO7KHFKHPLFDO











YDOXHVDUHYHU\ ORZDQGGRQRW UHSUHVHQWD UHDO ULVNIRU WKHDGGLWLRQ WRVRLOHYHQXQGHUFRQGLWLRQVRIKLJK(& ,Q
JHQHUDOELRFKDUKDVDORZHUGHQVLW\WKDQVRLOZLWKDQDYHUDJHRIJFPFRPSDUHGWRDVRLORIPHGLXPWH[WXUH
ZLWK DYHUDJH RI  J FP:KHQ DGGLQJ ELRFKDU WR VRLOV OLWWOH YHQWLODWLRQ WKLV SURSHUW\ FDQ KHOS WR UHGXFH WKH
GHQVLW\E\PLWLJDWLQJ LVVXHV UHODWHG WRFRPSDFWLRQRI VRLO7KHROLYHDQGKD]HOQXWELRFKDUSURGXFHG LQ WKLV VWXG\
KDYHDGHQVLW\RIDQGJFPUHVSHFWLYHO\)LQDOO\WKHWZRELRFKDUDQDO\]HGLQWKLVVWXG\VKRZH[FHOOHQW
SK\VLFFKHPLFDOSURSHUWLHVZKLFKPDNHVWKHPVXLWDEOHIRUDJURQRPLFDSSOLFDWLRQV
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